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Traditionally, human response to habitat loss has been the creation or expansion of protected areas. Although achieving and maintaining at least 10 percent of habitat in protected areas is still a challenge, and would require doubling the amount of protected area for the United States (Scott et al. 2001a) , the question remains: Is this amount necessary and sufficient to achieve the goals of representation, redundancy, and resiliency (sensu Shaffer and Stein 2000) ?
According to Pressey and colleagues (2003) , the percentage of a region or a country required for conservation should emerge from, rather than constrain, the conservation requirements of individual biodiversity features such as species and vegetation types. Conservation targets should be based on an adequate understanding and mapping of the distribution and viability of those features. This is an evidencebased approach to identifying appropriate targets. In contrast, a policy-driven approach sets a conservation objective as a percentage of a region, country, or other large area before the requirements of particular biodiversity features have been identified. Our objective was to review the literature and compare policy-driven targets with evidence-based values established by scientifically informed assessments.
The first evidence-based target in the literature was reported by Odum (1970) , who suggested that approximately 40 percent (two of every five acres) of the state of Georgia would need to remain in a natural state to optimize ecosystem services and produce a self-sufficient, ecologically sustainable human-nature ecosystem. Later, Odum and Odum (1972) estimated that 50 percent of South Florida would need to remain in a natural state to be ecologically sustainable. Over the following decades, values reported by scientists as necessary for conserving various aspects of biodiversity ranged widely, which is not unexpected, given the wide variation in space requirements for species and ecological process in various environmental settings.
The 10 percent value, in particular, is often cited as derived from Miller (1984) and the 1982 World Parks Congress in Bali. Although Miller's is the first reference to 10 percent as a policy-driven target for the minimum percentage of land area committed to biological conservation, the 10 percent conservation target actually dates back to Myers (1979) , who suggested that at least 10 percent, and perhaps as much as 20 percent, of tropical moist forest needed to be conserved to meet biological needs.
Once it was proposed, the 10 percent value became prevalent both as a policy-driven target (or a basis for other political targets, such as 12 percent) (WCED 1987 , Hummel 1989 , IUCN 1993 , LUCO 1993 and as an analytical one (Wright et al. 1994 , 2001 , Lombard et al. 1997 , Faith et al. 2001 , Sierra et al. 2002 , Andelman and Willig 2003 to define a priori what was, or was not, conserved. In nearly every instance, scientists using 10 percent as a target in analyses qualified this usage as arbitrary, capricious, minimal, and quite possibly inadequate. Yet these caveats seem to have been lost when crossing the interface between science and policy, and the use of these numbers as analytical values for measuring current levels of conservation is misunderstood as being biologically meaningful. As a political target, the use of 10 percent or its cousin 12 percent is rarely qualified.
Review of conservation targets
We conducted a literature review of prominent references addressing the issue of conservation targets (Noss 1996 , Soulé and Sanjayan 1998 , Groves 2003 , Pressey et al. 2003 and worked backward to gain a more comprehensive review of the literature. In addition, we searched major conservation journals (e.g., Conservation Biology, Biological Conservation, Biodiversity and Conservation) as well as conservation plans (e.g., The Nature Conservancy ecoregional plans, Wildlands Project network designs) for references to habitat-based thresholds and conservation targets. We separated the reported values into four categories arranged on a gradient from policy driven to evidence based: (1) policy targets with little or no scientific grounding, (2) analytical targets (values chosen a priori for comparative or definitive purposes), (3) overall conservation area needs resulting from conservation planning exercises or assessments, and (4) research results that identified thresholds (percentages of suitable habitat) at which habitat fragmentation or loss has deleterious effects on the feature of interest. In almost every case, analytical targets used to define what was, or was not, protected were characterized as arbitrary, and authors cautioned against using the value for management purposes. We tested for differences between the policy-driven values (category 1) and the evidencebased, scientific values (categories 3 and 4) using two-sample t-tests assuming unequal variances.
Our extensive, though most likely not exhaustive, literature review identified 159 references that reported, used, or proposed 222 quantitative values for conservation targets. Of these, we excluded 60 values chosen purely for analytical comparisons (category 2). Of the remaining 162 targets, 17 were political, 33 were thresholds, and 112 were results of conservation assessments. The complete list of articles reviewed is available from the authors or online (www.wildlife.uidaho. edu/Svancara_etal_2005_TableS1.pdf). We recognize that some of these scientific assessments were essentially researchand-development studies to test or demonstrate particular algorithms, whereas others were actual conservation plans. Nevertheless, average values for evidence-based conservation targets were nearly three times as high as those for targets resulting from policy-driven approaches (figure 1). Average values reported from conservation assessments (category 3; 30.6 percent ± 4.5 percent) and threshold analyses (category 4; 41.6 percent ± 7.7 percent) were significantly greater than average policy-driven values (13.3 percent ± 2.7 percent, p < 0.0001).
Results from conservation assessments (0.6 to 99.7 percent) and from threshold research (8.0 to 86.5 percent) were much more variable than those used in policy (8 to 30 percent). This within-category variation occurred for numerous biological and analytical reasons. From a biological perspective, different features of interest had different conservation require-ments. Whereas threshold studies primarily addressed single species or modeled results, conservation assessments addressed multiple species, vegetation, or a mix of biodiversity surrogates. The results of these conservation assessments suggest that those addressing multiple biological features and those focused on land cover or land type resulted in targets with greater percentages of protected area (34.3 percent and 36.6 percent, respectively) than assessments aimed at multiple vertebrates (11.3 percent; figure 2).
Another reason for the higher variability of evidencebased targets is that, if the goal of the planning effort was simply to conserve one occurrence of a particular biological feature, the outcome was often quite different from that of an approach used to maintain viability or of one incorporating multiple occurrences of a particular feature. Conservation assessments that addressed only the criterion of representation averaged 26 percent as an overall conservation target; those addressing representation, resiliency, and redundancy resulted in targets that were significantly higher (40 percent, p = 0.002; figure 3 ). Although the number of references addressing all three criteria has increased over the last few decades, trends in the average target values were not apparent.
Some references also made allowances for setting conservation targets based on suitable habitat or historical distributions for a particular biological feature (or both) rather than simply on current extent or total area. These allowances contributed to additional within-category variation. To achieve evidence-based targets, the majority of conservation assessments identified percentages over the total area of a region, although some (n = 13) limited their analysis to the current extent of the features of interest. Almost all thresholds (n = 27), on the other hand, were based on the amount of suitable habitat in an area. Of the 110 targets identified over the total area of a region, the average value from conservation Forum assessments (28.6 percent, n = 97) was significantly greater than the average policy-driven value (11 percent, n = 11, p < 0.0001; figure 4). The average threshold value (50 percent) for total area could not be tested because the sample was too small (n = 2).
Thirteen of the conservation assessments we examined reported overall conservation targets that were required to achieve predefined, analytical targets for a particular set of biological features. For example, on the Agulhas Plain of South Africa, Lombard and colleagues (1997) attempted to identify the smallest possible area that conserved at least 10 percent of the original extent of each vegetation type and at least one population of each endemic plant species. It took 34.25 percent of the total area to achieve this a priori, analytical target. Figure 5 presents a scatterplot and trendline of these 13 analytical targets and conservation assessment results. By setting specific goals for individual biological features of interest that are aimed at conserving the integrity and viability of those features (i.e., an evidence-based approach) within the planning units, the results of these 13 assessments lend support to the notion that fixed, or inflexible, policy-driven targets such as 10 or 12 percent are almost certainly inadequate for conserving biodiversity over the long term in many regions of the world.
Bringing science and policy together
In 1890, Ferdinand von Mueller addressed the Australian Association for the Advancement of Science, stating that "choice areas and not necessarily very extensive should be reserved in every great country for some maintenance of the original vegetation and therewith for the preservation of animal life concomitant to particular plants" (cited in Scott 1999 ). Since then, many have advocated the development of a representative system of nature reserves both in the United States and around the world.
Our review of the literature reinforces previous suggestions that there is no single value, such as 10 percent, that can be used to ensure that biodiversity will be protected, maintained, or restored (DellaSala et al. 1996 , Fahrig 2001 , Rodrigues and Gaston 2001 , Lindenmayer and Franklin 2002 , Groves 2003 . Not only are such policy-driven values inappropriate, but the majority of science-based assessments we reviewed strongly suggest that the 10 or 12 percent value falls far below the mark of what is needed to represent a region's native species and ecosystems and their underlying ecological processes in a system of areas managed primarily for biodiversity conservation.
Establishing a target fixed by policy, as several political entities have done, has a number of disadvantages. Commonly, a target such as 10 percent is set without specifying whether it is to be applied as a ceiling (upper limit) or a floor (lower limit; Soulé and Sanjayan 1998). It may not address either the level of protection and management required for the biological feature of interest or the question of how to manage for natural changes in these features over time. A fixed, policy-driven target may not ensure that ecological processes (e.g., predator-prey relationships, hydrologic and natural fire regimes, dispersal mechanisms, nutrient cycling) are functioning adequately. Typically, such targets are also inadequate to conserve a multitude of biological features (e.g., species and ecosystems) within a region, especially regions of the world that have been substantially altered by human activities. Therefore, policy-driven targets may actually create more harm than good if they are implemented without discretion, or with the implication that these goals are sufficient to conserve biodiversity. Biodiversity features vary in their conservation requirements according to factors such as threat, natural or induced rarity, biological heterogeneity within land types, and genetic heterogeneity within taxa. Science-based planning that incorporates this variability is crucial to the successful conservation of biodiversity. Each assessment ought to carefully evaluate current distributions relative to historic ones and establish prudent targets based on ecological processes. For example, protecting even 100 percent of the current extent of the Palouse Prairie ecosystem in Idaho and Washington would not ensure long-term viability of species without a restoration plan, when less than 1 percent of the historic habitat remains (Noss et al. 1995) . Assessments should also carefully consider the spatial distribution of habitat and the quality of surrounding lands (Groves 2003) . For instance, a 10 percent conservation target spread out across a broad area may help guard against chance events (e.g., a storm or disease that decimates populations of a targeted biological feature) but could severely limit dispersal among sites. Cabeza and Moilanen (2003) showed that species extinction probabilities depended not only on the amount of area conserved but also on the spatial locations of those sites and the quality of surrounding lands, a conclusion reinforced by population models for carnivores in the Rocky Mountains (Carroll et al. 2003 (Carroll et al. , 2004 . The variability of species-habitat associations (both animal and plant) across the landscape also needs to be considered. For example, scientific analysis may indicate that 15 percent of available habitat is adequate to reach species conservation objectives in one area, while 90 percent is needed in another area to reach the same objectives for the same species (Noss 1996) . Confounding all of these issues is the fact that percentage targets relate to the scale at which they are applied (Pressey et al. 2003) .
We fully acknowledge that quantitative conservation targets are necessary and grant that fixed targets imposed by policy may have had some utility in the past, when conservation areas were much less extensive than they are now. Conservation targets are vital as goals to strive for and as tools for evaluating trade-offs, measuring success, garnering public support, and guiding conservation plans (Groves 2003 , Pressey et al. 2003 . However, with the development of many conservation planning tools and the significant increase in conservation planning activity around the world over the last decade, we no longer need to rely on simple and singular policy-driven numbers. Instead, we can replace them with targets informed by conservation planning processes that are based simultaneously on the biological needs of species, communities, and ecosystems.
A conceptual conservation planning framework that sets clear goals and measurable objectives (Tear et al. 2005 ) and addresses representation, resiliency, and redundancy Stein 2000, Groves 2003) can provide the science needed to keep targets biologically grounded. We encourage the use of these principles in conservation planning to establish biologically defensible goals and targets. For a plan to be fully representative, all biological features across a range of environmental conditions should be represented in a system of conservation areas, albeit this goal will be difficult to achieve in highly transformed landscapes or in those with high human population densities. Redundancy, the representation of multiple populations or examples of the features of interest, should be incorporated to guard against the regional or rangewide extinction of biological features as a result of natural or human-related changes (Margules et al. 1988 (Margules et al. , 1994 . For biological features to be resilient to change, multiple occurrences must be of sufficient quality (as defined by attributes such as population size, genetic diversity, and various metrics of ecological integrity) to provide for longterm persistence (Cox et al. 1994, Kautz and Cox 2001) . If the attributes necessary to ensure resilience for species, communities, or both do not currently exist, then restorative action, guided by individual requirements within a decision-theory framework (Westphal and Possingham 2003) , ought to be considered.
An overall vision of what the final conservation estate should look like will help guide the addition and prioritization of protected areas. This vision should include what is required to meet legitimate conservation goals, not what we think we might achieve through the political process , Pressey et al. 2003 . For example, the "Florida Forever" effort in the United States (Cox et al. 1994, Kautz and Cox 2001 ) and the Cape Floristic project in South Africa (Pressey et al. 2003) credibly required percentages of protected area within their respective regions that might once have been considered unattainable. With their biologically defensible conservation blueprints and their strong links to legislative and political processes, these programs provide standards to emulate.
Similarly, the Wildlands Project, an ambitious conservation group that works toward the "rewilding" of North America (Soulé and Noss 1998) , has completed several wildlands network designs. These designs apply a three-track methodology of protecting special elements (e.g., concentrations of rare species occurrences), representing ecosystem types, and meeting the spatial needs of focal species, particularly carnivores and other wide-ranging animals (Noss 2003) . Because these designs are intended to meet multiple objectives, they usually cover substantial areas. For example, a wildlands design for the southern Rocky Mountains comprises 62 percent of the ecoregion, including 26 percent of the ecoregion in core areas and much of the remaining area in compatible use and linkage zones (Miller et al. 2003) . A plan for the Greater Yellowstone Ecosystem based on similar criteria, but with the addition of spatially explicit population modeling for focal species, comprised 70 percent of the region (Noss et al. 2002) . These high percentages, while still considered unrealistic by many, are increasingly seen as credible estimates of what it takes to meet a broad suite of conservation goals. While many factors (e.g., economic, social, cultural) influence the decisionmaking process for choosing protected areas, results from evidence-based analyses such as these may be used to inform ongoing open-space and habitat-based voter bond initiatives as well as statewide comprehensive conservation plans.
The first quarter of this century includes a number of significant milestones for the conservation of biodiversity, including the 50th anniversaries of the first IUCN World Parks Congress (2012) , the Convention of International Trade in Endangered Species of Wild Fauna and Flora (2023) , and, in the United States, centennial celebrations for the National Park Service (2016) and the National Wildlife Refuge System (2003) . Despite impressive accomplishments that have resulted in a system of parks, wilderness areas, and refuges around the world, this ecological infrastructure falls short of what is necessary to maintain the biological integrity of species and ecosystems in many nations (Scott et al. 2001a , 2001b , Shaffer et al. 2002 . Given that the projected global population of 8.9 billion people by 2050 (Cohen 2003) and increasing gross domestic products in many countries will result in habitat loss-the primary cause of biodiversity declines (Wilcove et al. 1998) -it is vital that we close the gap between the needs of biodiversity and policy-driven targets. Doing so may require rethinking land-use practices beyond areas traditionally considered for conservation purposes (Rosenzweig 2003, Brosi et al. forthcoming) . Even when protected areas are formally established, maintaining their ecological integrity has proved to be a challenge (e.g.,"paper parks"-that is, protected areas established on paper but not enforced as such-exist in many countries). However, if we are successful in our efforts to bring science and policy together in designing, implementing, and supporting a conservation blueprint, those celebrating the centennial anniversary of the World Parks Congress may look out at a conservation estate that accomplished at least what von Mueller envisioned in 1890.
